A beam of relativistic antihydrogen atoms-the bound state @e+)-can be created by circulating the beam of an antiproton storage ring through an internal gas target. An antiproton which passes through the Coulomb field of a nucleus will create eSepairs, and antihydrogen will form when a positron is created in a bound instead of continuum state about the antiproton.
Antihydrogen, the simplest atomic bound state of antimatter, i? G (Fe+), has never been observed. While the development of sources is the major topic of this conference, ironically it seems a working source already exists. A relativistic antiproton passing through the Coulomb field of a nucleus of charge 2 will create electronpositron pairs; occasionally the positron will appear in a bound instead of a continuum state about the antiproton and form antihydrogen. This process has a cross section of roughly 1 Z2 pb for antiproton momenta above 2 GeV/c. Fermilab experiment E760
has studied pp annihilation at the Fermilab accumulator using an internal hydrogen gas target; roughly 10 antihydrogen atoms have already been produced but left undetected, and roughly 200 will be produced in an extended run at higher luminosity scheduled for 1994. A proposal for the experiment outlined here to detect this antihydrogen, with we believe greater than 90% efficiency and zero background, has been < submitted to Fermilab as Fermilab Proposal E862 [l] . A sample of only -3 . lo* antihydrogen atoms would suffice for a future atomic-beam experiment to check the equivalence of the hydrogen and antihydrogen 2s -2p splittings to -1% and so check for anomalous, CPT-violating Fe+ interactions causing level shifts equal to a fraction of roughly 10m8 of the antihydrogen binding energy. Greater precision will not be achievable because of the short time (-10e7 seconds) taken by the relativistic antihydrogen to pass through our apparatus.
The calculation of the cross section for forming antihydrogen will appear in a subsequent paper [2] and only an outline will be presented here. Within the equivalent photon approximation [3] the cross section CT-pZ+~(ls)Zecan be written as an integral over the virtual cross section for photoproduction of antihydrogen, ~y*pqls) e- (3, q2> : .I The photon virtuality is small so one may take q2 M 0. Typically x << 1, so performing .the integral over qi we find for large y that The matrix element for the cross section to photoproduce antihydrogen in the 1s
state we obtain by applying crossing symmetry to the well-known matrix element for the photo-ionization of the 1s state of hydrogen. After a numerical integration we find the result shown in Table 1 , that gpz+~(ls)e-Z is roughly 1 Z2 pb for antiproton momenta above 6 Gev/c.
Because the momentum transferred to the antihydrogen is tiny, N 5. 10d6 GeV/c, the antihydrogen emerges from a gas target as a neutral beam with the same tiny . . Being neutral the antihydrogen emerges from the antiproton storage ring at the first bend magnet, 14.5 meters from the gas target, and can be detected by a separate apparatus.
Antihydrogen does not ionize in laboratory magnets. Even at the maximum accumulator momentum of 8.83 GeV/ c and dipole strength of 16.7 kgauss, the rest ionization rate of the 1s state in the electric field induced in the antihydrogen rest frame is only 4.3 . lo-l3 set-' 6 [ ]. It also does not disassociate in the gas target.
Data, for the disassociation cross sections for monatomic hydrogen beams [7] , extrapolated to a beam momentum of 3 GeV/ c, yield d isassociation cross sections of 2.5 . 10B2' cm2 2 7 . 10-l' cm2 7 * 7 and 3.3 -10-l' cm2 per Hz, N2, and CH4 target molecule, respectively. Consequently the probability that an antihydrogen atom will disassociate before exiting the E760 H2 gas target, of column density 1014 atoms/ cm2, is less than 10m4 even if the target consists entirely of microdroplets of -lo5 -lo6 molecules per droplet [8] , and if all the antihydrogen is created inside a droplet.
Antihydrogen however disassociates with a probability > 0.99 in a membrane only 400 microgram/ cm2 thick, while the probability a photon converts or a hadron interacts in such a thin membrane are respectively only N 2.7. 10m5 and 6.6 . 10m7 [9] .
The momentum transfer which disassociates antihydrogen is small, and so an antihydrogen atom escaping the accumulator ring will generate, in coincidence, and from some point in a known, few-square-centimeter area of a thin membrane possibly tens of meters from the gas target, a positron and an antiproton with a common and tightly constrained velocity equal to the velocity of the circulating antiprotons in the a.
ring. For a model momentum and momentum spread of 6.0000 (12) GeV/c for the antiproton circulating in the ring, one finds that the antiproton from antihydrogen disassociation will have a momentum of 6.0000 (12) GeV/c and the positron will have -a kinetic energy of 2.797 (14) MeV. The 14 keV smear of the positron energy comes from the Fermi momentum of the 1s state. Multiple scattering of the positron in a 400 microgram/cm2 membrane is small enough that more than 99% of the positrons will escape within a fO.10 radian cone about the antiproton direction and can be focussed into a special detector.
We propose [l] to detect the antihydrogen after its extraction from the accumu- experimental check for false signal: if another membrane is inserted upstream of the original, none of the antihydrogen will survive intact to disassociate in the original membrane to give a signal, but all the particle and electronic backgrounds will remain the unchanged. Also the accumulator ring can circulate protons in the same sense as antiprotons. The cross section for the radiative recombination of protons and electrons at 3 GeV/c to form fast hydrogen is 1.7 nanobarns [ll] . Thus there will be available a neutral hydrogen beam, with the same optics and momentum spread as the antihydrogen beam but N 340 times as intense, which to test an apparatus.
Future antihydrogen experiments and the Lamb Shift
The process of pair creation with capture has itself never been seen and its measurement is of interest. The first observation of the analogous process in the collision of ordinary nuclei, Zr + Z2 + (Zre-) + e+ + Z2, is the subject of an experiment soon to run at the Lawrence Berkeley Laboratory BEVALAC [12] , and the process -is predicted to be a major source of beam loss at the Relativistic Heavy Ion Collider intensity may come from using a high-Z target gas, thus using the -Z2 scaling of the production cross section; however rate of heating of the transverse motion of the circulating antiproton beam by multiple Coulomb scattering also scales as -Z2 and will limit the increase achievable. Performed in the same apparatus on hydrogen and antihydrogen, this experiment would be sensitive to a differential shift of the 2s and 2p states of hydrogen and antihydrogen equal to a fraction N 2 . lOA8 of the states' binding energy. Table I Cross section (g) for the production of anti-hydrogen in the 1s state by antiprotons incident on a proton target, as a function of the Lorentz factor y of the antiproton.
For other targets the cross section scales as 2'.
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